Quantitative aspects of the life cycle of the freshwater shrimp Atyaephyra desmarestii were used to investigate its life span at the edge of its distribution area in Central Europe (Upper Rhine) for a period of three years. We estimated the proportion of the population surviving a second hibernation period. The appearance of ovigerous females in late spring was followed by a strong decline in the number of adults, the appearance of a high percentage of juveniles in late summer (0.58 ind./m 2 ), and their subsequent disappearance from the shore in winter. A small semivoltine cohort survived a second winter. The average life span was 12-15 (max. 29) months under laboratory conditions. In molecular studies (COX I), the Upper Rhine and Southern France populations clustered within the North Africa/West-Central Europe species clade. Due to its low productivity, this invasive species is unlikely to cause management problems.
Leaf-litter preferences of the introduced freshwater shrimps Atyaephyra desmarestii and Neocaridina davidi
Detailed knowledge of the significance of shrimps in freshwater food webs is very limited. However, determination of the current potential invasion of shrimps into European freshwater systems requires information on their ecology and feeding behaviour. Atyaephyra desmarestii has established stable populations in Western and Central Europe, while the ornamental species Neocaridina davidi was released in 2009 into a small tributary of the Erft River (North Rhine Westphalia, Germany), where it has thrived. Both species use leaf-litter as a significant food source. In this study, we assessed a reproducible method to compare the preferences of this two shrimp species for decaying leaves of four different species of deciduous tree: alder (Alnus glutinosa), Italian poplar (Populus x canadensis), pedunculate oak (Quercus robur) and goat willow (Salix caprea).We also determined the relevance of A. desmarestii and N. davidi in leaf-litter breakdown. Adults of both species showed a significant preference for leaves of alder and Italian poplar, whereas juvenile individuals did not favour any particular leaf species. A. desmarestii and N. davidi adults exhibited higher night-time than daytime activity. Diurnal consumption rates were determined for N. davidi. It consumed 51.0% leaf litter dry weight per body dry weight per day. Alnus and Salix leaves (including biofilm) made up the majority of the diet of Neocaridina, followed by Populus and Quercus leaves. Our results demonstrate the distinct relevance of leaf-litter in the diet of freshwater shrimps, and their role in leaf-litter breakdown. While the invasion potential of A. desmarestii seems to be relatively low, at least for now, N. davidi has thus far been a very successful invader. This is supported by its high feeding rates on leaf litter of the regional vegetation. Since there is no indigenous shrimp species in the study area, the potential implications of the invasion process merit further investigation. 
Zusammenfassung und Summary
In der vorliegenden Arbeit wurden verschiedene Aspekte der Ökologie der zwei in Deutschland vorkommenden neozoischen Arten von Süßwassergarnelen, Atyaephyra desmarestii (Millet, 1831) und Neocaridina davidi (Bouvier, 1904) In the present work, various aspects of the ecology of two invasive species of freshwater shrimp, occurring in Germany, Atyaephyra desmarestii (Millet, 1831) and Neocaridina davidi (Bouvier, 1904) was examined. A. desmarestii, already found in the Rhine area since 1932, posed different questions of phenology, larval development, life span and genetic classification in a cluster with populations of Mediterranean origin. In addition to the work in the field, all questions were also investigated in the laboratory. Through a four-year collecting activity, especially the existence of a small semivoltine cohort of 2 %, all females, could be confirmed. A different phenology from the Mediterranean populations has been documented; nevertheless, the populations clustered (COX I) in a common cluster. N. davidi, first found 2009 in the Gillbach, a thermally polluted stream, that is drained to the Erft river, has established there a stable population. It was of particular interest to document the development of such a population over a two-year period. It could be proven that the seasonally rather small temperature fluctuations do not play a major role for the species. But there is a clear correlation with the neophytic aquatic plant Vallisneria spiralis L. detectable, which is stock-building in large sections of the stream bed. Its light-dependent decline at the end of the year leads to a loss of hiding places for N. davidi, but also to restrictions in the diet, as decaying leaves are usually completely eaten. The reproductive rate, documented in this work, is relatively high. Populations were found in the entire course of the stream, and a spread into the Erft river is proven. There, too, a stable population has manifested itself. A. desmarestii and N. davidi are both omnivorous, but in the field as well as in the laboratory, they showed a clear interest in conditioned leaves of various deciduous trees. In arena experiments, juvenile and adult A. desmarestii and N. davidi were tested to differentiate the preference for different leaf types. Significant differences in preference behavior were only detectable in adults of both species. Ingestion studies were only conducted for N. davidi. A feeding rate of 51 % leaf dry weight per body dry weight per day could be determined. Further spreading of N. davidi will play a significant role in the degradation of this allochthonous material.
